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u+—>e+7’ and Vv oscillation

I 1

Neutrlno

«»@n

T2K; MINOS, OPERA,; etc

http://www.nobelprize.org/

(Nobel Prize 2015)

® Charged lepton flavour violation is

P still undiscovered.

® Br(ut—e*7) with neutrino
oscillation is very low.

B(u — ey) = ~ 1074

3a Amg
- Z UZiUei M_2

327 5 W

® BSM(SUSY-GUT etc.) predicts larger Br=0O(10-12)~0O(10-14)

The discovery of cLFV = New Physics!!
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T. Mori, W. Ootani / Progress in Particle and Nuclear Physics 79 (2014) 57-94
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ATLAS vs MEG
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MEGI| Experiment: 3 humbers

o Search for cLFV(u*t—e*7)
with unprecedented sensitivity: 4 X 10-14

v High-intensity frontier experiment
v X 10 improvement from MEG

;;;;;

Xy o Physics data taking from
o 2017

Improve every resolution b
by factor 2
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MEGI| Experiment: 3 humbers

0 Search for cLFV(u*—e*7)
with unprecedented sensitivity: 4 X 10-14

Today’s topic:
Positron I

Down
Stream

hysics data taking from

2017

2,

Improve every resolution
by factor 2

Stream
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Positron

Numbers in rieiatea Timing Counter

512 pixelated e 9 counter hits

scintillator counters
—can reach 30~40p$

resolution using
multiple hits &

v' Fast Plastic Scintillator(BC422)
v More than 6144 siPMs(AdvanSiD)
v 6 series at the both ends

v Calibration Accuracy 30PS w/ each counter
by using pulse laser and Michel decay positron
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Time Calibration by Using Pulse Laser

® |[n order to know timeoffset of each counter, we plan to divide
the same laser into each counter.

® \What enables 30ps time calibration?
— Laser Injection Scheme

Laser
Controller

Scrambler Splitter

Waveform
Digitizer I |

photodiode

Light
Splitter
Long Cable 1%X8

—— 7 ey X 8ch
S — X —
Light: — X8ch Sch =512
switch counters
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Improvement in Reproducibility

® Reproducibility on timeoffset of laser insertion scheme is required
because we have to inject and eject fiber during the operation

Old scheme New scheme

Make a hole on
! scintillator
: Special screw to
Just attach fiber Support support top of

onto scintillator with
optical grease

laser fiber
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Setup & Results

Laser
Controller

Timeoffset is defined as the time
difference from laser synchronized

pulse.

LASER

Light

Splitter

> Sync. Pulse

A |

Reference
(fixed)

Test
Counter

—96880

97040 ]
96860

97020} ]
E ~96840

97000 |
E 196820

96980} |
E ~96800

96960 ]
E ~96780

96940 ]
196760

96920

96900

96860

96740

® New scheme achieved required accuracy(30[ps])

96880/ 0720
EU~50[pS] ; o‘~47[ps] —jo6700

Measurement Order

2274 |CEPP Symposium(2/28-3/2)

44540

44400

44360
0 2 4

%Scale is the same

44520
44500
44480 f
44460}
44440

44420

New

44380

Measurement Order

46840
46820
{46800
146780
146760
146740
146720
146700
46680
: {46660
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Construction

® Counter assembly

Couple scintillators and
arrays w/ optical cement

Wrap pixel
with reﬂeCtor m Shleldmg Il\lAOe-?nnm 72.4 ps
’ ' 50-mm 77.5 ps
: 60
| 50
40
30
20
P il
e 300 counters are produced and o __ M.
tested(Feb.2016) DBOORNOOHPO

Resolution (ps)
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Installation

128 Counters are installed
for Pilot Run 2015

. o

\ i
L B\ )

o } L

Cabling &
Insert‘ionw S
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Goals of Pilot Run 201

Detector

Build V2 detector
Functionality of TC hardware
Performance study vs. rate

oooe

Electronics

Test of integrated HV system
Implementation of various trigger schemes
Waveform & noise check

Recording of waveform data

ooooe

Laser Calibration System
Implementation of laser calibration system

o0 e

®
>
>
o

To find unexpected problems towards physics run

O
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Typical clean event with multiple hits

|| m|pi| S

Run : | 300327 =
Event : I 43 =
Event step I 1=

Update period 100 = T

Date : 2015-Dec-23 ¢ 5
Time : 02:05:03 z
‘N Monitor for trigger hit register
N SPX
‘5P Waveform Monitor R
{3 OneDHit

wo B L L L . | [ P W o o p—_— ] ................ _1
£5 SPHitMonitor *E

il Pixel number with hit
{l|#116, 99, 108, 106, 107,

4

3|¥ Rec track ¥ MC hit ¥ MC track M only e+

l “ [ %
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Event with multiple clusters

|| m|pi| |

Run : IW =
Event : |723
Event step |71
Update period IW:
Date : 2015-Dec-23
Time : 02:05:01
i Monitor for trigger hit register
£35P¥

& SPR2D

‘N SPX Waveform Monitor
‘N OneDHit
{4 SP ¥ HitMonitor

404>

P AT T e R T e e T T e e T T e T T

100

200

PRRNY RRTNN ARRTY RPWS

300

P 1SR IR RN R R

g e e g e ey e o e g g ey
S 10 50 0

2
1)
=
2

'%5' T
£

-30 -25 -20
Pixel numher with hit

|#116,116,125,126,11?,118,19,109,108,107, 72,74,28,21,29, ¢

03

I Rectrack P MC hit ¥ MC track ¥ only e«
0

10

200

B IR B AN A B

ploaaadasgalagasd

BN S RO TP M

)
I [] /
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Goals of Pilot Run 2015 Dec.

® Detector
E Build Y2 detector
B Functionality of TC hardware — No dead channel

O Performance study vs. rate — Work in progress and seems
. quite difficult to extract reliable
® Electronics time resolution '\

B Test of integrated HV system
B Implementation of various trigger schemes

O Waveform & noise check _, | Several problems

: - missing clock synchronization
= Recordmg of waveform data - higher noise level than in lab(1.7mV—=10mV)
® Laser Calibration System \
B Implementation of laser calibration system

O Evaluate the accuracy of laser calibration system — work in progress

H To find unexpected problems towards physics run
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Schedule

Detector J Engineering i
Installation Run :

Discovery

‘Pilot Run
2016

Timing
Counter

JPS@Tohoku Gakuin Univ.

19H CA=i& 19pCA 13:30~17:00

FhFRBHIE
KRR
DeteCtor 1 MEG IRBOLHDSIPMEBVEBBEI A IVIAIVI—DYI 1 L—Yavic & BHRTE
A

Construction

SHBF, MEG ISR L—> 3>

2 MEGIRBBBFIANZIVITAOVY—DAZI Y3z T -I0IZFIVIFVBRADER-
mRHE
EREL, fMEG ISR L—Y3 Y

3 MEGIIRBRBFIAIVINIVI—DAI v a V7 -BRFELOVT-
HAE
PEXE f MEGIASRL—Y3 Y
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Summary

<+ The discovery of ut—ety is New Physics.

Introduction +MEGI experiment: search for u*—e*r with
unprecedented sensitivity from 2017.

< Positron Timing Counter can achieve 30ps~
Timing 40ps time resolution.

Counter < Laser Calibration has successfully developed.

< 300 out of 512 were produced and 128 were
already installed.

< Counter, HV and trigger worked well but for
Pilot Run 2015 recording data.
and < Analysis is ongoing and results will be

presented in next JPS.
< Next pilot run and full-installation follow.

The Future
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Backup Slides
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Signal Height

»>— > i i

with grease(counter1_height:ch1)
with grease(counter1_height:ch2)
with grease(reference_height:ch1)

with grease(reference_height:ch2)

6 8 10
measurement order
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Signal Height N with grease(counteri_height:ch1)
= 0.6 N with grease(counteri_height:ch2)
% — A with grease(reference_height:ch1)
E’ 05 — A with grease(reference_height:ch2)

0.4[—
~ —h— & £ = —h— A ——————————
0.3—
[ X 7y —k x
0.2/—
0.1—
[ | | | | | | | | | | | | | | | | | | | I |
00 2 4 6 8 10

measurement order
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@ Signal&Background
u ey

SIGNAL BACKGROUND

€ /'e
e @ S
o I Y
:\/‘\H“J\F “ accidental r ﬁ
Radiative Muon Decay
normal muon decay
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Laser
Controller
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I Waveform
4 Digitizer

S

L——(CRHALEZ/VILR

v%
1

[Waveform : 000 |

TR T T

Mavefurm 001

)

, N N,

é
E
e

&
2
=

|Wavnfnrm - 002]

1
5

l/ __ij\_\_ i: HH\HL/ :/\O)l/z .......

N

' [0 L ALY LR L IIE%

-400

HS L 75RH

-300

2274 |CEPP Symposium(2/28-3/2)

® ZIRFICDLT. HeightD—EDEIED
ECAEITFIORBREET S
(constant fraction time),

27 F I DR

o CH1ME/M(t,). CH2DE™(t,). L—
HF—EIHA/ S R DB () 21550

e hH>9—Dkwy hﬁ%ﬁ(thit)(;\
t1 + 12

thit =

2

e W I9—DRREA 7Y Mgt lEn
t1 + 12

ttimeoffset —

T CNzHo> . .
VOCIAYTA

> 79 %o

Hho>9—D
BREA 7ty ~

200

9 _ tsync

Lol Ly P T O AR A O 4
0.1054 0.1056 0.1058 AN106 0.1062 0.1064 0.1066
toountertirg

MITSUTAKA NAKAO = Page
, MITSUTAKA NAKAO % Page:23



BIRET A b

Concept > L——CRBLE/ L%
‘ DAQD M A—E LTRLB.
Controller .
— |
Light il
; Splitter
Long Cable [MEF={g]s 1x8 ]

U Splitter
(€ 1 X 4
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I TEHS
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Do
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Laser Calibration Test Setup

> L——(ICEHALE/NILRAZ

Laser D B — 3,
Controller Mode AQD KU A—ELTAHWS
Scrambler

Mo@Con T
Ardentt .

Fiber tipe: 50um Light

Serial no, 3870 S lltter

FNCal Light F% X 8 D
Mult mode fiber | ?;n Splitter
« 1 X4 Lightel Technologies Inc. IND—X—=9%ZANT
Fiber Optic Coupler Module L—H—ND—%F=Z9—-93
Multi Mode

2 cfl. xXBOEY N7V T

k Counter

Loﬁg 'FIbQS % 'w _

Laser Waveform

Controll Mode Light 83— Digitizer
ontocr g LASER Scrambler Splitter photodiode

Light
. Splitter
Long Cable [MEF={sl¢ 1X8

10m Splitter
/;j—ez 1X8

Light: — X8C =512
switch counters
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-R (cm)

Counter Size Optimization

e* trajectory

positron

A
)
)
—
H
R
QJ‘
ek
0
<
e
H

beam

® 5 cm for positron spreading region.

® 4 cm for the other region.

Y. Uchiyama@VCl2016
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Calibration Methods

Time

Gain

Hit Position
Counter Position

hHr9—

B e 512N H VI —IREADA 7Y NeH>TLWBNDT. 30psDBEETHREZENES
Fa ME?)“&')éo

i HOTRIREBEDREEHOEEI 21— VBSHEERE(u—ey v V)ZERALTITD,

nd ® 717> 9 —EOREEIEIC[FMichel Calibration&Laser Calibration& W52 DDMIL
BAEEZRAVWTITD,

Michel Calibration Laser Calibration
e MEGI EED A1 >NDBGTHD. Miche e FAUNENSLH I I—IC/INILAL—H
[BER(u—ev v)DBEFZFIAT %, —Z[ERIRS T Do

e NV I—DEy MERNSTSRAI—%D o LITMORT. Michel Calibration& 1848
<Y, BizBEsL. T—9hY h&fTD, WS ECH Do

o 3o5NTBMIEBICHY I —DTOF%EST > BPHKEN L

835, > F—9EBEHDBENE
o LITD x2&mIMET 2L D%, BREA 7 > BREA 7ty NEEZ9—TEB

t‘y I\&jjry\/g_gl‘:%gjéo Laser

Connollel LASER Samléf Séll?{;te- photodiode
Nep Ny RIERR StRUEAE : —
x* =2 > ) (T 7|(Tos + TOF,; + ATy) o)

% J

HD> 9 —CBEOREL Ity h L/ji"?z“ e B x8ch

® T TICE—ATANDT—9ZALTHED lignt: — x8ch X8ch =512

B NTE @+, BEEREA2014EHE AR 19pSGA)o switch counters
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Laser Event

|- ||| C|

Run : [ 30033z 2 ;§ Laser Trlgger
Event : | 71 21 | (Laser-SYNCQC)
Event step | 1 2] [

Update periudl 100 = ;’g

Date : 2015-Dec-23 ([

Time : 08:49:52

£ Monitor for trigger hit register

P :

8 counters with laser
f::QSPX Waveform Monitor S SR S Sy
‘N OneDHit — | - - — | -
£ SPXHitMonitor & e ounter 124+ PPD-Chain S48l _E

o Pttt o AN Y, |

./*‘;' \
¥

I [T Y
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4| Pixel number with hit
l[#120, 127, 125, 124, 126, 113,117, 118, 111,

A=

“3| ¥ Rectrack ¥ MC hit ¥ MC track M only e+




Trigger

¢ Five trigger types

e individual enable, pre-scale and scaler
trigger types in run 300278

e TC triggers

e mask = 0: track-like
* mask = 1. multiplicity 200005_
e mask = 2: single tile 15000;_
* Auxiliary triggers o0
e mask = 3: laser 5000;
e mask = 4: pedestal :

&
[, 8
ol
oL
ol
=
LF
oL
-
g
ol
wl-
ol
af
Ny .
oF
(4]

e Total and live time for rate
measurements
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